decreased significantly compared with preoperative levels, whereas in the LAVH group they decreased but not to a statistically significant degree. Post-operative CD4 + Tcell counts in the AH group also decreased significantly at 24 h after surgery, but were significantly increased at 72 h. In conclusion, LAVH does not significantly affect immune function compared with AH, suggesting the preservation of postoperative immunity, however further clinical studies are necessary.
Introduction
The use of laparoscopy in gynaecological surgery has developed rapidly because it is minimally invasive and can be used in place of a range of conventional surgical techniques, ranging from the simple procedures undertaken in patients with ectopic pregnancy, to the more complex procedures necessary for hysterectomy. 1 Laparoscopically-assisted vaginal hysterectomy (LAVH) has been widely adopted in China since 1993, when the procedure was first performed by Liu 2 (see also Rong et al. 3 ).
Compared with conventional abdominal *These authors contributed equally to this paper.
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hysterectomy (AH), the main advantages of LAVH include smaller incision, reduced level of disturbance to the abdominal cavity, shorter hospitalization and faster recovery following surgery. 4 In addition, LAVH has been previously shown to preserve postoperative immunological function better than AH, 5 -9 although prospective randomized studies need to be carried out to determine whether these potential advantages can be employed in common clinical practice.
In the present study, peripheral blood concentrations of C-reactive protein (CRP), interleukin-6 (IL-6) and tumour necrosis factor-α (TNF-α), as well as the numbers of Tlymphocyte CD3 + , CD4 + and CD8 + subpopulations and natural killer (NK) cells, were measured before and after surgery to compare the effects of LAVH and AH on immune function and to evaluate the pathology of the minimal invasiveness of laparoscopy.
Patients and methods

PATIENTS
Patients who presented with uterine myoma at The Third and Fourth Affiliated Hospitals of Harbin Medical University between May 2007 and July 2008 were randomized in a double-blind manner to undergo LAVH or AH. Patients with evidence of malignant gynaecological disease were excluded from the study. Ethics approval of the study was provided by the Ethics Committee of the Fourth Affiliated Hospital of Harbin Medical University. Patients provided both written and verbal informed consent to participate in the study.
ANAESTHESIA AND SURGERY
Endotracheal intubation and general intravenous anaesthesia (initial: fentanyl 0.1 mg, propofol 100 mg, scoline 100 mg; maintenance: propofol 6 -8 mg/kg per h) were applied in both treatment groups. The LAVH and AH used standard, routine surgical methods. All operations were conducted by the same group of surgeons.
BLOOD SAMPLE COLLECTION
Peripheral venous blood samples (5 ml) were obtained from each patient 24 h preoperatively and 24 h and 72 h postoperatively: 3 ml from each blood sample was incubated at 4°C for 6 h, then centrifuged at 3000 rpm (Sigma 1-6P; Sigma Laborzentrifugen, Osterode, Germany) for 5 min and stored at -30°C prior to measurement of plasma cytokines; the remaining 2 ml from each blood sample was heparinized and used to determine Tlymphocyte subpopulation and NK cell counts.
PLASMA CONCENTRATIONS OF IL-6, TNF-a AND CRP
Plasma IL-6 and TNF-α concentrations were determined by double antibody sandwich enzyme-linked immunosorbent assay according to the manufacturer's instructions (CIS Bio International, Gif-sur-Yvette, France). The CRP levels were examined by particle-enhanced immunonephelometry according to the method of DeBari et al. 10 
T-LYMPHOCYTE SUBPOPULATION AND NK CELL COUNT
Heparinized blood samples (2 ml) were used to determine the percentage of CD3 + (pan T cell marker), CD4 + (helper/inducer T cell specific marker), CD8 + (suppressor/cytotoxic T cell specific marker) and CD16 + (NK cell marker) cells using flow cytometry (Coulter ® Epics ® -XL™; Beckman Coulter, Fullerton, CA, USA). Monoclonal antibodies against CD3, CD4, CD8 and CD16 were purchased from CIS Bio International. 
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Immunofluorescence staining for flow cytometry analysis was carried out according to the method described by Holub et al.
11
STATISTICAL ANALYSIS
Statistical analyses were conducted using SPSS ® software version 13.0 (SPSS Inc, Chicago, IL, USA) for Windows ® . Statistical significance was evaluated using Student's ttest for comparison between surgical groups and P-values < 0.05 were considered to be statistically significant.
Results
PATIENT DEMOGRAPHICS AND CLINICAL AND SURGICAL STATUS
In total, 84 patients with uterine myoma were included in this study; 42 underwent LAVH and 42 underwent AH. There were no significant differences in age, duration of operation, or anaesthesia time between the two groups (Table 1) . Mean blood loss in the LAVH group was significantly lower than in the AH group (P < 0.01), and the number of days' post-operative hospitalization for the LAVH group was also significantly lower than for the AH group (P < 0.01) ( Table 1) .
CHANGES IN PLASMA IL-6, TNF-a AND CRP LEVELS
Pre-operative plasma concentrations of IL-6, TNF-α and CRP were similar in the LAVH and AH groups, but were significantly increased at 24 and 72 h post-surgery in both treatment groups compared with preoperative levels (P < 0.01; Table 2 ).
Concentrations of IL-6 and TNF-α peaked at 24 h post-operatively and had decreased somewhat by 72 h post-operatively, whereas CRP levels continued to increase until 72 h after surgery in both groups ( Table 2) . Postoperative levels were significantly greater in the AH group compared with the LAVH group (P < 0.01; Table 2 ).
CHANGES IN PERIPHERAL BLOOD T-LYMPHOCYTES AND NK CELLS
The peripheral blood T-lymphocyte subpopulations and NK cells in the LAVH group did not significantly change after surgery, compared with pre-operative levels (Table 3 ). In contrast in the AH group, CD3 + , CD4 + , CD8 + T-cell counts were all significantly decreased at 24 h compared with pre-operative levels (P < 0.01), and then slightly increased 72 h after surgery whilst still remaining significantly decreased compared with pre-operative levels (P < 0.01; Table 3 ), with the exception of CD4 + which was significantly increased at 72 h (P < 0.0001, Table 3 
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AH group, but these differences were not statistically significant (Table 3) .
Discussion
It has been nearly 20 years since cholecystectomies and hysterectomies were first performed by laparoscopy. Since then, laparoscopy has been widely applied in many areas of medicine and further research has improved the procedure. The minimally invasive nature of laparoscopic surgery is associated with several advantages, including lower and more localized trauma, smaller incisions, less disturbance to the abdominal cavity, shorter operation times and less blood loss. Recently, attempts have been made to investigate the body's response, particularly its immune response, to laparoscopic surgery. 12 Laparoscopic surgery is minimally invasive, hence it is reasonable to assume that the physiological response may be different than for traditional open surgery.
The level of CRP acts as an independent marker of the acute-phase response that has a consistent relationship to the extent of injury, rising approximately 4 -12 h after surgery, peaking at 24 -72 h and, subsequently, remaining elevated for approximately 2 weeks. 13 The cytokines, IL-6 and TNF-α, are major mediators of inflammation. 14 IL-6 is a multifunctional cytokine that is secreted by many cell types including macrophages, monocytes, Tlymphocytes, B-lymphocytes, endotheliocytes and fibroblasts. 15 It can affect the growth and differentiation of a wide variety of cells, and can regulate gene expression. 16 IL-6 is thought to be the primary mediator of inflammation and regulator of the hepatic production of CRP. 17 A rising plasma level of IL-6 is an early and sensitive marker of tissue damage. 18, 19 TNF-α is mainly produced by activated monocytes and macrophages, and is responsible for regulating multiple immune functions including the activation of inflammation. 20 The activation of macrophages through surgery, especially in the peritoneal cavity, increases the secretion of inflammatory mediators such as IL-6 and TNF-α. 12 In the present study, plasma CRP, IL-6 and TNF-α levels were significantly increased following both LAVH and AH, while the magnitude of these changes was statistically significantly greater in the AH group compared with the LAVH group. These results may indicate that immune responses were less pronounced following laparoscopic surgery compared with a conventional abdominal approach, which is similar to previous reports. 21, 22 Our results also showed that alterations in IL-6 and TNF-α peaked 24 h post-operatively, whereas CRP levels continued to rise up to 72 h post-operatively. It was presumed that IL-6 was not the only factor affecting CRP levels in this study, as C3 complement levels may also be associated with increases in CRP. 23 Immunosuppression due to trauma or surgery may present as alterations in cytokine levels; however, the suppression of cellular immunity is of greater importance. Tlymphocytes are active immune cells that play a key role in regulating the body's immune response. Halevy et al. 21 stated that peripheral blood lymphocyte levels increased after open cholecystectomy, yet increased only minimally (not significantly) after laparoscopic cholecystectomy. Despite differences in the published literature on changes in T-lymphocyte levels, a consensus has been reached that the T-lymphocyte suppression is less significant following laparoscopic versus conventional open surgery. 24, 25 In the present study, changes detected using flow cytometry showed that Tlymphocyte levels decreased significantly after AH, but started to rise by 72 h postoperatively whereas, after LAVH, no Q Yue, R Ma, D-W Mao et al.
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significant decrease in T-lymphocytes was observed. These results demonstrate that LAVH barely suppressed T-lymphocytes and may be better for maintaining immunity compared with AH and, therefore, beneficial for preventing bacterial and tumour invasion.
It has been implied that laparoscopic surgery might be suggested for patients with malignant tumours; Ogawa et al. 26 reported that NK cells were decreased after surgery. However, this finding is in contrast to the results from the present study, which showed that NK cells did not change significantly in either surgical group. This difference might be explained by the different detection methods used in the different studies, such as 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, lactate dehydrogenase assay, or flow cytometry.
The LAVH technique has multiple effects on immune function and the immune mechanisms are complex. Although many aspects need to be investigated further in both clinical and experimental research, the results presented here confirm that LAVH reduces activation of the inflammatory response, maintains the relative stability of cytokines and only slightly affects cellular immunity compared with AH, potentially benefiting patient recovery.
